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We rediscuss the main Cosmological Problems as illusions originated from our ignorance of the
hidden information holographically stored in vacuo. The Cosmological vacuum state is full of a large
number of dynamical quantum hairs, dubbed hairons, which dominate the Cosmological Entropy.
We elaborate on the Cosmological Constant (CC) problem, in both the dynamical and time-constant
possibilities. We show that all dangerous quantum mixings between the CC and the Planck energy
scales are exponentially suppressed as an entropic collective effect of the hairon environment. As
a consequence, the dark energy scale is UV insensitive to any planckian corrections. On the other
hand, the inflation scale is similarly stabilized from any radiative effects. In the case of the Dark
energy, we show the presence of a holographic entropic attractor, favoring a time variation of Λ→ 0
in future rather than a static CC case; i.e. w > −1 Dynamical DE is favored over a CC or a w < −1
phantom cosmology. In both the inflation and dark energy sectors, we elaborate on the Trans-
Planckian problem, in relation with the recently proposed Trans-Planckian Censorship Conjecture
(TCC). We show that the probability for any sub-planckian wavelength modes to survive after
inflation is completely negligible as a holographic wash-out mechanism. In other words, the hairons
provide for a holographic decoherence of the transplanckian modes in a holographic scrambling time.
This avoids the TCC strong bounds on the Inflaton and DE potentials.
Introduction. Apparently, the inflation + ΛCDM
paradigm can explain most of the observational aspects
in the Universe. The Planck data on the Cosmic Mi-
crowave Background (CMB) are fully compatible with
the existence of dark energy, cold dark matter and an
inflation stage in early Universe [1]. Then, why are most
of theoreticians absolutely unsatisfied with it?
The Dark Energy (DE) as well as the inflation lie on a
edge line among phenomenological satisfaction and theo-
retical puzzles. The situation, in a nutshell, is as follows.
The large scale cosmological dynamics is dominated by
the DE, sourcing for the late Universe acceleration. The
DE is thought as an exotic fluid providing for a Cosmo-
logical Constant (CC) term within the Einstein equation
of fields. The CC fastidiously remains elusive to any
attempts of comprehending its origin, existence and sta-
bility. First of all, it is really not clear if originated from
any quantum field vacuum energy or if simulated by any
IR modifications of gravity. But this is not the worst of
the issues. In both the possibilities, there is a colossal hi-
erarchy problem between the CC and the Planck energy
scale, of 10123 orders1. In principle, this may merely
appear as an accident, not more insightful than any Ed-
dington’s considerations on the proton over the Universe
sizes (see Ref.[3]). But the main point is that, quantum
mechanically, nobody knows how the protection of the
Cosmological hierarchy from Planck-CC scale mixings is
working. Another puzzling issue regards the very same
existence of a stable de Sitter space-time, referring on
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1 See Ref.[2] for a review on the CC problem.
the recent discussions on the string-inspired Swampland
Conjecture (SC) [4–6].
On the other hand, in the very early Universe dynam-
ics, there is a series of unsolved issues regarding the infla-
tion mechanism. First of all, there is another hierarchy
problem between the inflation and the Planck scale. Sec-
ond, there is the Transplanckian Problem (TP), leading
to recent discussions on the Transplanckian Censorship
Conjecture (TCC) [7–9]2. The TP regards the possibil-
ity that trans-planckian quantum fluctuations, initially
larger than the Universe Hubble radius, can be stretched
during inflation, surviving up to a macroscopic classical
regime, as an amplifier effect sourced by the Universe in-
flation. Both the issues seem to be as the two sides of
the same coin: a clear separation of the quantum gravity
and the inflation domains is not well understood. As a
way out to the TP, the TCC was suggested as a strong
bound on both the inflation and dark energy potentials.
The TCC is demanded in order to avoid for any ampli-
fications of the sub-Planckian modes from the quantum
gravity regime to the Universe today.
Now, let us arrive to the main point. I think that all
these confusions originated from ignoring the most im-
portant issue in Cosmology, pointed out by Roger Pen-
rose: the problem of entropy in the Universe [25]. Indeed
one may consider the all baryons in the Universe, around
2 Interesting discussions on implications on the Primordial Black
Hole production in the early Universe can be found in Refs.[10,
11]
2the Eddington number
NE ∼ 1080 ,
corresponding to an average thermal entropy of the Uni-
verse today of
SCMB ∼ 1088 ,
related to the CMB temperature of TCMB ≃ 2.7K. Nev-
erthless, if baryons would be re-organized in a maximally
entropic state, i.e. as a Black hole, the entropy would be
much larger as
S ∼ 10123 . (1)
Eq.1 is exactly of the same order of the hierarchy be-
tween the cosmological constant and the Planck scale.
On the other hand, dS/CFT [26, 27] predicts that the
entropy of the Universe would be
SΛ ∼ M
2
Pl
Λ
∼ 10123 , (2)
related to the Hubble area as
SΛ ∼ r
2
H
L2Pl
, (3)
where rH ∼ 1/
√
Λ is the Hubble radius.
If de Sitter space-time contains such a large amount of
entropy, that cannot be accounted from normal matter,
then an intrinsic information is stored in the space-time.
This is leading us to postulate the existence of a large
number of dynamical quantum hairs, avoiding the clas-
sical no hair theorem, accounting for the Universe mem-
ory3. Therefore
SΛ ∼ N ∼ 10123 ,
where N is the number of dynamical hairs, that we dub
hairons. Indeed, the configuration space associated to
hairons is much larger than the one corresponding to the
visible sector of the Universe today:
PΛ ∼ e10
123
>> Pm ∼ 1010
88
.
The same logic can be applied to the Universe during
the inflation epoch. At that time the hierarchy, once
again, amounts to be of the same order of the holographic
entropy:
Sinflation ∼ M
2
Pl
H
∼ N ∼ 1012,
having assumed a Hubble rate around the 1013GeV scale.
3 Possible quantum hairs were discussed by many authors as a way-
out to the Black Hole information paradox, e.g see Refs.[12–24].
In this paper, we suggest that the cosmological sta-
bility issues can be solved as an effective gravitational-
mediated decoherence effect induced by the holograph-
ically stored quantum hairs. In other words, the CC
and inflation stabilities, the Swamplands and the Trans-
planckian problem can be all re-interpreted and ad-
dressed considering the entanglement of a large hidden
hairon state with the Inflation and DE wave functions.
This leads to the emergence of a new paradigm dubbed
Holographic Naturalness (HN)4; where the UV diver-
gences are cured from considering a large amount of
holographic soft hairs rather than a UV completion in
a Wilsonian sense. We will show that the HN princi-
ple provides a new razor criterium that can discriminate
among stable cosmologies, living in the highest proba-
bility configuration phase and safe against quantum in-
stabilities, from unstable solutions in the Holographic
Swamplands.
Dynamical Dark Energy and Inflation. Let us consider
a cosmological scalar field sourcing the Universe accel-
eration. This field can be, for example, a quintessence
scalar or a scalaron of an extended theory of gravity (for
example in f(R)-gravity) [30–33]. In this class of mod-
els, there are two possible main sources of instabilities.
The first is the vacuum energy instability from the parti-
cle physics sector, the Standard Model or its extensions,
sourced by Feynman bubble diagrams. In other words,
even if we start from an initial bare CC that it is zero,
there is no any effect or symmetry preventing its UV
mixing with MPl. This is surely a common problem of
both dynamical and statical dark energy models. The
second possible issue arrises from UV divergences in the
scalar field propagator. This is very much the same prob-
lematic point destabilizing the Higgs boson in the Stan-
dard Model. The propagator corrections are more con-
trollable than bubble diagrams, since, if the quintessence
couplings with any other SM fields are zero at pertuba-
tive level, then the UV divergences may be disentangled
by the dynamical dark energy sector.
Here, we show that all quantum radiative instabilities
are suppressed by the large entropic contribution from
the thermal vacuum. Starting from the vacuum energy
corrections from quantum bubbles, they correspond to
correlators as
〈F (x)F (x)〉 ≡ 〈F 2〉 , (4)
where F corresponds to any possible SM fields or also
the same quintessential field and x is a generic space-
time coordinate. The 〈...〉 represents the evaluation of
the bubble correlator in the vacuum state. Computa-
tions performed in QFTs are done considering the vac-
uum state as a trivial |0〉. This assumption is in contrast
4 See also recent discussions of theHN in contest of particle physics
[28] and topological aspects [29].
3with the holographic principle as well as with thermody-
namical laws of the space-time. The vacuum state has
a large entropic content, provided by a large number of
hidden degrees of freedom, the hairons. Therefore, Eq.5
has to be evaluated on a state that is full of N-hairons,
where N ∼ S and S is the vacuum entropy:
〈N |F 2|N〉 . (5)
Now, any bubble diagrams evaluated in the 〈0|F 2|0〉 and
UV divergent are interconnected to the Eq.5 through the
〈N |0〉 and 〈0|N〉 amplitudes. These are physically inter-
preted as probability amplitudes to transit to a state with
zero entropy to another with N-qubits. Clearly, such a
transition is exponentially disfavored as
〈N |0〉 = (〈0|N〉)∗ = e−N ∼ e−S . (6)
So that, we are ready to evaluate Eq.5 in the fully en-
tropic space-time: it is the same computation in the zero-
entropic standard QFT case interpolated by the Eq.6
transitions:
〈N |F 2|N〉 = 〈N |0〉〈0|F 2|0〉〈0|N〉 = e−2N 〈0|F 2|0〉 . (7)
This argument is presuming an important fact. The
quintessence field wave function has to be fully entan-
gled with the hairon state. Assuming that hairons and
the DE field are only gravitationally coupled, then the
scrambling time for a full entanglement follows the
τ ∼ Nl2Pl log N
holographic scaling [34–36]. Now, in the Minkowski limit,
where CC goes to zero, one would say that S ∼ N ∼
M2PlΛ
−1 →∞ and τ →∞.
However, looking more carefully to the problem, the
apparent divergence of the entropy would appear suspi-
ciously unphysical. Indeed, the Hubble radius is, in the
case of the dynamical DE field, provided by a dynamical
potential5 :
Λ(t) ≃ H2(t) = 1
2
φ˙2 + V (φ)
→ S(t) ∼ N(t) ∼M2Pl/Λ(t) . (8)
Therefore, the scrambling time-scale is time-varying, but
if the field is still around the CC value (as observed)
then Eq.8 is around τ ∼ 280 tH , with tH as the Hub-
ble time. The rough 280 factor is obtain as the logS ∼
logN ∼ log 10123 ∼ 123 log 10. This is a two digits of
relaxation that is necessary for a dynamical full entan-
glement. One can start from a fully entangled Universe
or partially or not but still the fate attractor is towards
5 A dynamical relaxation mechanism can be considered in a string-
theory holographic set-up as in Ref.[38].
a full entanglement among the hairon state and the SM
and quintessence ones. Finally, regarding the dynami-
cal dark energy, Eq.8 suggests a powerful and insight-
ful fact: the number of hairons dynamically varies in
the cosmological time dictated by the dynamical cosmo-
logical constant. This may lead to the temptation to
fully identify the quintessence field with the hairon col-
lective field. Another interesting observation is that if the
hairons respect the Null Energy Conditions, then second
law of thermodynamics would impose to their entropy to
increase. This means that the effective dynamical Λ(t)
should decrease in time. This system has a Cosmological
attractor towards Λ → 0 in an infinite time scaling as
τ ∼ Λ−1/2 logM2Pl/Λ2.
In this sense, I propose that the existence of an ac-
celerating source of the Universe can be interpreted as
a way out to the entropy divergence obtained in not-
accelerating Minkowski case. Divergences are never de-
sired in physics and the Universe space-time dynamics
may be re-interpreted as a way out to the the infinite in-
formation problem. Therefore, a non-accelerating stage
may never be reached within a finite cosmological time.
The laws of statistical mechanics applied on Eq.8 seem
to probabilistically favor the possibility of a dynamical
dark energy with a cosmological attractor Λ → 0 rather
than a constant Λ. This seems to point to the same di-
rection of the Swampland conjecture. However, no every
possible dynamical dark energy scenario is probabilisti-
cally favored. Indeed, for Λ → ∞ in the future, corre-
sponding to a Big Rip, the entropy would flow to zero.
This seems to forbid any dynamical DE models which
tend to increase the value of Λ in time 6.
Within this logic, one can easily understand how also
propagators as
〈N |F (x)F (y)|N〉 = e−2N〈0|F (x)F (y)|0〉 , (9)
also have an exponential suppression of any UV diver-
gences. Once again, this has to compete with the entan-
glement entropy within the hairon state and the F con-
sidered. The attractor solution flows to the relaxation.
Let us explain the whole collective dynamics. First,
from propagator instabilities, the F particle, starting
from a mass m0, acquires a UV contribution that, in the
worst of the case, is as the Planck scale, MPl. This can
happen in a transient time that can be Planckian as well,
in a virtual quantum fluctuation. Now let us estimate the
characteristic time for the relaxation transient. A mode
would have a de Broglie wave length that is entangled
with a number of probed hairons inside the corresponding
space-time volume. The mode will be scrambled inside
a space volume L3 = m−30 after τ ∼ m−10 log M2Plm−20 ,
that compared to the particle characteristic time in the
6 See Refs. [39, 40, 42–45] for a panoramic view on the problem of
phantom cosmology and singularities.
4rest frame is
τ
m−10
≃ 2 log MPl
m0
. (10)
This implies that the hierarchy between the Planck scale
and the particle mass is scaling as a logarithm rather than
quadratically. Within this prospective, the fine-tuning
problem among the dynamical dark energy scale and the
Planck scale is of only a factor of 280 or so. Another
important point is that every UV quantum corrections
will be inevitably relaxed down to the original bare mass
of the particle.
On the other hand, all UV quantum loops are replaced
by analogous ones evaluated as the thermal field theory
rules. Indeed, the hairon average energy, on a certain vol-
ume scales V¯ , is 〈E¯〉 ∼ MPl/
√
N¯ , where V¯ = (〈E¯〉)−3.
Any particles with a bare mass m0 will probe a volumet-
ric scale of V¯ = m−30 . Inside the volume V¯ , there is a
certain number N¯ of hairons, in turn related with an av-
erage energy of 〈E¯〉 ≃MPl/
√
N¯ ≃ m0. The hairon fields
would contribute to the particle bare mass as thermal-
like corrections. The one-loop thermal corrections scale
as ∆m2 ≃ cT 2 ≃ cm20, where T = 〈E¯〉. Therefore, these
contributions are natural, since they all flow to zero in the
limit of the particle bare mass going to zero, accordingly
with t’Hooft naturalness argument [37]. In the case of in-
flation, all previous considerations can be repeated, just
changing the hierarchical scales considered and the infla-
ton field can be stabilized with the very same mechanism.
Indeed, both inflation and dark energy stabilizations are
holographically interpolated.
The Trasplanckian problem and TCC. Let us now dis-
cuss on the Trasplanckian problem in inflation. The key
towards a HN reinterpretation of it is through the con-
cept of effective decoherence. Indeed, if the planckian
state loses its coherence, it will not survive to the classi-
cal macroscopic Universe. However, this would demand
for an effective collapse of the initial sub-planckian length
mode. What (or who) is collapsing it? In our case, as
in a thermal bath, the collapse would emerge as a full
entanglement of the trans-planckian mode with the ha-
iron bath, sourced during inflation. What is the time
scale for the entanglement transient? The answer is, once
gain, the scrambling time, that, now, it is dictated by the
Hubble scale during inflation:
τscr ∼ tH log M
2
Pl
H
∼
√
N lPl log N . (11)
Intriguingly, Eq.11 exactly saturates the TCC bound,
conjectured as [7, 8]7
τ ≤ 1√
H
log
MPl
H
, (12)
7 See also Ref.[9] for stronger TCC bounds on the tensor-to-scalar
ratio r parameter of inflation.
related to the bound
af
ai
LPl <
1
Hf
. (13)
Within the N-hairon portrait, the TCC is not imposing
any strong constraint to the interaction potential: the
condition
|∇V |/V ≥ const is not necessary for the TP.
The TCC is naturally satisfied in HN and the decoher-
ence of sub-planckian length modes is naturally recast
without any particular restriction on the inflaton poten-
tial. In other words, the HN solves the Transplanckian
problem invoking the environmental effect of the holo-
graphic entropy. The probability that the modes, ΦTP ,
from the Planck scale survive after the inflation time is
proportional to
P [ΦTP (tPl)→ ΦTP (t ≥ tInfl)]
<
∣∣eS(tPl)/eS(tHInf )∣∣2 ≃ e−2Ninfl ≃ e−2×1012 . (14)
Of course, this can be extended up to the Dark energy
domain, with even much more severe suppressions.
This is implying that any informations on trans-
planckian modes is effectively lost. Any transplanckian
fluctuation is efficiently dissipated in the holographic ha-
iron gas. In this sense, both inflation and the Dark Energy
are UV Insensitive to any Tranplanckian modes.
Application: Entropic Razor on Quintessence and
Phantom DE. In the Dynamical DE model, one consider
the scalar field φ with an equation of state departing from
w = −1, as p = p(ρ); coupled with a barotropic fluid with
p = wmρ. In a Friednmann-Lemaitre-Robertson-Walker
(FLRW) metric, the FRLW equations correspond to
ρ˙+ 3H(ρ+ p) = −Q , (15)
ρ˙m + 3H(ρm + pm) = Q , (16)
H˙ = −κ
2
2
(ρ+ p+ ρm + pm) , (17)
where H = a˙/a is the Hubble rate, the dot is the deriva-
tive with respect to the cosmological time, κ2 = 8piG and
G is the Newton’s constant.
It is possible to analyze the stability of critical points
against cosmological perturbations.
The dynamical system of equations can be conve-
niently rewritten as
dX
dN
= −[1 + p′(ρ)]
[
3 +
Q
H(ρ+ p)
]
X
+ 3X[2X+ (1 + wm)(1− X− Y)] , (18)
5dY
dN
= −[1− p′(ρ)]
[
3X+
Q
H(ρ− p)Y
]
+ 3Y[2X+ (1 + wm)(1− X− Y)] , (19)
1
H
dH
dN
= −
[
3X+
3
2
(1 + wm)(1 − X− Y)
]
(20)
with the constraint
Ωm = 1− X− Y . (21)
In the system above, we defined N ≡ log a and p′(ρ) ≡
dp/dρ.
A simplified solution is obtain assuming Q = 0,
wm = 0 (dust-like matter and no-collisions) and assum-
ing dX/dN = dY/dN = 0. In this case, the system has
two attractors, corresponding to (X,Y) = (0, 0), in the
case of matter dominance, and (X,Y) = (0, 1) for DE
domination. The second solution correspond to the equa-
tion
1
H
dH
dN
= −3
2
(1 + w) . (22)
Therefore, the Hubble rate will increase for w < −1.
This corresponds to the following equation for the en-
tropy:
1
S
dS
dN
= c(1 + w)→ S ∼ ec(1+w)N = ac(1+w) . (23)
In our picture, the w < −1 condition is interpreted as
a dynamical annihilation of hairons in vacuo, leading to a
decreasing of information and entropy. On the contrary,
w > −1 corresponds to a creation of hairon information
in the Universe. Finally, w = −1 is just the CC case,
that corresponds to a conservation of information in the
Universe. This leads to the probabilistic conclusion that
the w < −1 seems to be favored.
The entropic suppression of Radiative mixing with the
Planck scale is reduced as
e−N = e−S = e−a
c(1+w)
,
that is exponentially sensitive to w departures from −1.
The stability of the system can be studied consider
perturbations around the fixed points as
d
dN
V = KV , (24)
where V = (δX, δY)T is the perturbation vector, with
(X,Y)T = (X0,Y0) +V , (25)
and Kij is a matrix with components
K11 = 3(2X0 − Y0 − w) , (26)
K12 = −3X0 , (27)
K21 = 3(−1 + Y0 + w) , (28)
K22 = 3(1 + X0 − 2Y0) . (29)
Eq.24 allows to related the stability around the critical
points against cosmological perturbations with the Lya-
punov eigenvalues of K. In the case of DE domination,
the eigenvalues are:
λ1 = 3w, λ2 = 3(w + 1) . (30)
This shows that the w < −1, corresponding to e−λ1,2t
modes, is stable against cosmological perturbation.
Therefore, the entropic razor does not trivialize to pro-
hibiting a cosmological unstable case; it provides a novel
no go criterium.
As an interesting case, we can consider a model tran-
siting from a phantom-like dynamics with w < −1 to a
w > −1. In this case, the phantom model seems to be
disfavored only for a transient. This is allowed by the
holographically entropic razor, as a transient out of ther-
mal equilibrium, returning to thermalization. If we con-
sider our Cosmological state as a open system entangled
with a hidden environment, the negative entropy flows
provoke an apparent violation of laws of thermodynam-
ics. An example when the cross-over between w < −1
and w > −1 is realized is provided by
a(t) = a0
( t
t¯− t
)n
(31)
where n > 0 and 0 < t < t¯. The corresponding Hubble
rate is
H = n
(1
t
+
1
t¯− t
)2
, (32)
in turn related to an entropy
S ∼ N ∼ t(t¯− t)
t¯
. (33)
Around t ≃ t¯, the entropy and the number of hairon are
going to zero, while the Hubble rate diverges. This case
corresponds to an effective w as
w = −1− 2
3n
< −1 . (34)
On the other hand, for t << t¯, the effective w is
w = −1 + 2
3n
> 1 . (35)
Therefore, an apparent w < −1 in cosmology may be a
hint the our Universe is not an isolated system and that
an information flow is entering in, as a dissipative dy-
namics. On the other hand, assuming that the Universe
is isolated, HN disfavors phantom cosmology and finite
future Big Rip singularities.
6Holographic razor on f(R)-gravity. The Holographic
razor can be applied on the gravitational sector of ex-
tended theories of gravity. As an example, we will con-
sider f(R)-gravity models:
S =
1
2κ2
∫
d4x
√−g[f(R) + 2κ2Lm] , (36)
where κ2 = 8piG and Lm is the matter Lagrangian. In
the extreme case of w << −1, the entropic suppression
of quantum instabilties will be un-efficient, leading cos-
mology to a purely quantum gravity domain.
The field equations, obtained with the variation of the
Eq.36 with respect to the metric tensor gµν , read as fol-
lows:
RµνfR− 1
2
gµνf+gµν∇α∇αfR−∇µ∇νfR = κ2Tmµν . (37)
where fR = df/dR. In the FLRW background, this re-
duces to
H2 =
1
3fR
[
κ2ρm +
RfR − f
2
− 3HR˙fRR
]
, (38)
K = −3H2 − 2H˙
K =
1
fR
[
κ2pm+R˙
2fRRR+2HR˙fRR+R¨fRR+
1
2
(f−RfR)
]
.
(39)
The DE sector can be sourced by the f(R) = R+F (R)
sector as
ΩF (R) =
1
3H2
(RFR − F
2
− 3HR˙FRR − 3H2FR
)
. (40)
The entropic razor can be applied on Eq.38 as
S = 3fR
1
κ2ρm +
RfR−f
2 − 3HR˙fRR
. (41)
(we omitted the numerical prefactor on S and H−1 and
we consider LPl = 1 as inessential for our following dis-
cussions). The entropic condition
dS
dN
> 0 , (42)
highly restrict the possibility on the viable f(R) models.
The entropic razor does not allowed for w < −1, lead-
ing to the constraint
weff =
pF (R) + pm
ρF (R) + ρm
= −1− 2H˙(t)
3H2(t)
> −1 . (43)
This bound also implies that
2(1 + z)H ′(z)
3H(z)
< 0 , (44)
where 1 + z = a0/a(t) defined the redshift relation with
the scale factor and
H2(z) =
1
3fR
[
κ2ρm(z)+
R(z)fR − f
2
+3(1+z)H2fRRR
′(z)
]
.
(45)
Let us consider two possible models of f(R) gravity
considered as viable candidates for Dynamical DE: The
Hu-Sawicki [46] and the Nojiri-Odintsov [47] models
FHS(S) = −R0 k1(R/R0)
n
k2(R/R0)n + 1
, (46)
FNO(R) =
Rn(aRn − b)
1 + cRn
, (47)
where k1, k2, n, a, b, c,m are real free parameters. These
models are particularly interesting since passing Solar
System and cosmological tests. On the other hand, there
are regions of the parametric spaces that, in both the
model, dynamically lead to a decreasing and re-increasing
of the entropy content in the Universe.
In the HS case, for c1 = 2, c2 = 1, n = 1, the
weff (z) has an excursion to the w < −1 within the
redshift interval −1 < z < 1. The same happens in
the case of the NO model, for a parametric choice of
n = 1, a = 0.1/H20 , b = 1, c = 0.05/H0. In these two
examples, the two models contradict the entropic bound.
Indeed, the entropic information is related to the hairon
temperature that can decrease if and only if our Universe
information is not closed and in a dissipative interaction
with another hidden sector.
Interacting Dark energy. The Holographic entropic
bound brings interesting implications on models of In-
teracting Dark Energy (IDE) recently analyzed, e.g. see
Refs. [48–53]. These models can be mapped in the sys-
tem of equations Eqs.15,16,17, with a Q-factor different
than zero.
The Q-factor can be expressed as
Q(t) =
1
κ2wDE
[
9(1 + wDE)H
3 + 6(2 + wDE)HH˙
+ 2H¨ − w˙DE
wDE
(3H2 + 2H˙)
]
. (48)
In general, the solution of a IDE system can be highly
non-trivial as a integro-differential problem:
H2 − κ
2
3
(ρˆm + ρˆDE) =
κ2
3
I1 , (49)
I1 = ρˆm
∫
Q
ρˆm
dt− ρˆDE
∫
Q
ρˆDE
dt , (50)
H˙ +
κ2
2
[ρˆm + (1 + wDE)ρˆDE ] = −κ
2
2
I2 (51)
7I1 = ρˆm
∫
Q
ρˆm
dt− (1 + wDE)ρˆDE
∫
Q
ρˆDE
dt . (52)
Here, we introduce ρˆDE,m as the energy densities at Q =
0.
The entropic razor is expected to impose bounds on H
and Q dynamics.
A simplified class of cases is obtained assuming a con-
tant wDE . In this case, the Hubble factor has a form
H(t) = H1 +
2
3t
+H2(tˆ− t)γ , (53)
while the entropy is inverse proportional to it. Here we
defined H1,2, γ as integration constant parameters. For
γ < 0, the Hubble rate has a singularity that is leading
to a zero entropy. Therefore this case is forbidden by the
holographic razor. This constraint percolates on a bound
on the Q(t), that is
EntropicRazor : Q(t) ≃ (t− tˆ)γ−2 → γ > 0 . (54)
In principle, if 0 < γ < 2, the Q-factor can diverge with-
out leading to a decreasing of the entropy. In this case,
around the tˆ, perturbation theory breaks down and the
dynamics would become highly non-trivial. Indeed if in-
teractions between dark or ordinary matter and DE will
explode, then the entropic suppressions of bubble vacuum
diagrams as well as propagator loops cannot be controlled
anymore although also the entropy is diverging around
tˆ. Therefore, we arrive to a subtle point of the holo-
graphic razor: there are not only no go from classical
thermodynamical effects but also from quantum danger-
ous mixings. In other words, it is impossible, to consider
a scenario with an infinite interaction and a stable H
and S without any quantum destabilizations. Quantum
effects will mix the DE with the Planck scale and re-drive
the system to a zero entropy UV domain. Therefore, the
quantum stability requirement enhances the bound on
the Q-factor and to the Hubble rate to
QuantumStability : Q(t) ≃ (t− tˆ)γ−2 → γ ≥ 2 . (55)
The quantum bound completely eliminates any possi-
ble scenarios predicting for any Big Rip, Big Freeze and
Sudden singularities
Conclusions and remarks. In this paper, we have dis-
cussed the implications of the Holographic Naturalness
to the Dark energy and Inflation. The Holographic prin-
ciple suggests that the Universe is populated by a large
number of holographic quantum hairs, dubbed hairons.
The hairon wave function Ψ(h1, ..., hN ) is entangled with
the Standard model states in a holographic scrambling
time τ ∼ √NtPl logN . This is inducing the effective and
gravitationally mediated decoherence effects that provide
the solutions to many puzzles of contemporary Cosmol-
ogy. First of all, we showed that the HN principle effi-
ciently stabilizes the dark energy from UV quantum cor-
rections. Indeed, the quantum vacuum energy does not
accumulate in space-time as a planckian energy density
since dissipated inside the large vacuum thermality. We
also argued that HN probabilistically favors models with
a Dynamical variation of Λ towards a cosmological at-
tractor Λ → 0 rather than a static CC. On the other
hand, the Big Rip, predicted from scenarios with a Λ in-
creasing in time, is entropically sequestered as a quantum
unstable state. Indeed HN provides a new probabilistic
criterium for distinguishing among Holographic Swamp-
lands (HS) and Holographic Landscapes (HL). Then, we
have shown that the HN has several strong implications
in quintessence DE, phantom cosmology, f(R)-gravity
and interacting DE-DM models. On the other hand,
also the Inflation scale does not mix with the Planck-
ian domain, from the very same mechanisms explored
in the case of DE. Finally, we moved towards a discus-
sion of the Transplanckian problem, in connection with
the Transplanckian Censorship Conjecture (TCC). The
HN provides a strong confirmation of the TCC but a
novel re-interpretation of it: the hairon decoherence effi-
ciently washes out any transplanckian modes in a holo-
graphic scrambling time, in turn exactly saturating the
TCC bound! Therefore, the TCC does not impose any
bounds on the inflaton and the dark energy sectors: the
trans-planckian problem is naturally solved as a holo-
graphic collective effect. In this sense, inflation and dark
energy are UV insensitive to any transplanckian effects.
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